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ABSTRACT 


Tables were developed to provide various dimensions for 
low-standard roads built with a "balanced" construction tech- 
nique. The information is intended to provide a means of 
evaluating potential watershed impacts of road construction 
and of helping to plan for appropriate corrective actions. 
Additional dimensions are provided to assist in slope staking 
and for estimating excavation volumes. The information has 
application in both the road location and design phases of the 
road construction process. The tables are for use in situa- 
tions where low road costs preclude detailed engineering 
design or where engineering talents are simply unavailable. 


INTRODUCTION 


Thousands of miles of roads are built each year on private, State, and Federal 
forest lands. Much of this annual construction consists of low-standard roads. These 
are low-cost roads receiving little or no engineering design either because the low 
road cost precludes more detailed engineering design or simply because no engineering 
talents are available. 


Unfortunately, any type of road construction creates a variety of site disturb- 
ances that tend to accelerate erosion, which in turn may increase downstream sedimen- 
tation (Anderson 1954; Fredriksen 1970; Haupt and Kidd 1965). Low standard roads are 
often particularly troublesome because of such factors as poor location and design and 
lack of erosion control measures. Numerous other researchers have documented the 
occurrence of increased sedimentation following road construction, especially in 
steeper terrain (Megahan and Kidd 1972; Reinhart and others 1963; Rice and Wallis 
1962). Such effects have become more important in recent years because of the 
enactment of Federal and State laws to regulate pollution by sediments from diffuse 
sources including roads. 


Most of the potential impact is caused by accelerated on-site erosion including 
both surface and mass erosion (landslides). Some possible causal factors include: 


ibs Removal or reduction of protective cover; 

De Destruction or impairment of natural soil structure and fertility; 

Si. Decreased infiltration rates on parts of the road; 

4. Concentration of generated or intercepted water; 

Sic Interception of subsurface flow levels by the road cut slope; 

6. Decreased shear strength, increased shear stress on cut and fill slopes, 
or both; 

des Increased slope gradients on cut and fill slopes. 


The last three factors are a direct result of the fact that road construction alters 
the geometry of the hill slope. 


The primary purpose of the road geometry tables presented here is to provide a 
means of estimating the extent of alteration of hill slope geometry before construction. 
Use of the tables makes it possible to evaluate potential watershed impacts and to 
plan appropriate corrective actions. Such questions as: 


le How much area is disturbed by road construction? 

Dee What is the area of the rainfall intercepting surface? 

Es What is the area of fill and cut slopes needing stabilization treatment? 
4. Will channel encroachment occur? 

5. How much area is available to buffer sediment flow into a stream channel? 


These and other questions can be answered if various dimensions of the road prism are 
known. 


Additional road prism dimensions are included for individuals concerned with 
slope staking and end areas. This information is included for three reasons: 


i Slope staking is needed to guide operators during construction so that the 
proper road prism dimensions are obtained; 


De Some of the dimensions needed for slope staking are already available from 
the calculations dealing with watershed management considerations; 


3. A commonly used reference table for slope stakes and end areas for minor 
roads (USDA Forest Service and USDI Bureau of Land Management 1967) is out of 
print and is becoming generally unavailable. 


ROAD PRISM DIMENSIONS CONSIDERED 


The road prism dimensions pertinent to watershed management considerations are 
illustrated in figure 1. A description of the dimensions and some possible uses are: 


ile 


SF 


The slope distance from the grade daylight stake to the toe of the 


fill slope-- 


a. 


b. 


WH 


Provides a means of determining possible channel encroachment. 


Defines the lower extremity of disturbed soil if channel encroachment 
does not occur; the distance from this point to the stream channel 

is the buffer strip that is available to trap eroded material. This 
information, coupled with guides for establishing the width of buffer 
strip (Ohlander 1976; Packer 1967; Trimble and Sartz 1957), provides a 
means of reducing sediment delivery to stream channels. 


Indicates the hazard for “sliver” fills. A sliver fill is a £111 
constructed on a hill slope where the hill slope gradient approaches or 
exceeds the gradient of the road fill slope. When this happens no fill 
embankment can form; instead, the fill material flows down the hill in 
a long sliver. This tendency is apparent in the tables; as the hill 
Slope gradients approach the fill slope gradient of 1-1/2:1 (66-2/3 
percent), the values for SF increase rapidly indicating increasing 
probability of sliver fills. The tables do not exceed 66 percent 
because the values for SF go to infinity beyond this point. 


Slope distance from the grade daylight stake to the top of the cut 
slope--defines the limit of upslope disturbance and possible uphill 
encroachment (for example, into upslope landslide areas). 


Total width of disturbance projected to a horizontal plane--defines 
the total width of the rainfall intercepting surface. 


Total width of disturbance along the hill slope--defines the total 
width of the disturbed surface available for erosion. 


Figure 1.--Road prism dtmenstons for watershed management constderattions. 


Length of the fill slope-- 
Useful for determining slope stabilization needs. 


Cften in combination with slope gradient is a useful parameter for 
estimating erosion by various procedures. 


Length of the cut slope--same uses as the length of fill slope. 


Height of the cut, coupled with some knowledge of subsurface conditions 
(for example, soil depth or ground water depth), helps-- 


To indicate the potential for intercepting subsurface flow zones, 


To red flag possible slope stability problems. 


The road prism dimensions for slope staking and end areas are shown in figure 2. 
Descriptions and uses of the dimensions are: 


The slope distance from the grade daylight stake to the fill stake-- 
determines the location of the fill stake. 


The slope distance from the grade daylight stake to the cut stake-- 
determines the location of the cut stake. 


The height of the cut--to be marked on the cut stake. 


The horizontal distance from the cut stake to the road centerline--to 
be marked on the cut stake. 


The height of the fill--to be marked on the fill stake. 


The horizontal distance from the fill stake to the road centerline-- 
to be marked on the fill stake. 


End area, in square feet, of the cut section--to obtain cubic yardage 
per 100 feet of road length by multiplying average end area by 3.7. 


DAYLIGHT 


Figure 2.--Road prism dimenstons for slope stakes and end areas. 


DEVELOPMENT OF THE TABLES 


The road geometry tables in the appendix were developed using hill slope gradient 
(6_), road width (W), and the gradient of the road cut (6 .) and fill slopes (8 -) as in- 


put variables (fig..)S). 


Normally, these dimensions are known or can be closely estimated for a given 
situation. The most commonly used fill slope gradient on forest roads is 1.5 to 1; 
in the interest of economy, this is the only fill slope gradient given in the tables. 
Cut slope gradients. of 1.5 to I, 1.20) to, 1; 0.75_ tol I 0-50: tows 105 25 acon. OOM omle 
and vertical are presented. Hill slope gradients ranging from 10 to 66 percent are 
given in increments of 2 percent. Finally, road widths varying from 8 to 20 feet are 
given by 1-foot increments. The mathematical derivations are presented in the 
appendix so users can develop other combinations as needed. Calculations were 
programed in FORTRAN for a CDC 6600 computer; the program is available for use 


elsewhere. 


(W) 
ROAD WIDTH 


Daylight 
Stake 


Figure 3.--Dimenstons requtred for road geometry tables. 


The following assumptions were made in the development of the tables: 


1. A "balanced" cut and fill ts used for construction. Low-standard roads are 
commonly built by using balanced construction. This requires that the volume 
of material cut out of the hillside be equal to the volume of material used 
to construct the fill portion of the road. This type of construction is 
commensurate with low road standards because it minimizes excavation costs 
and because the low road standards permit fitting the road closely to the 
terrain (a requirement if balanced construction is to be used). Obviously, 
for economic reasons balanced construction can be just as desirable for roads 
built to higher standards. Unfortunately, this is not often possible except in 
areas of fairly uniform terrain. Elsewhere, horizontal and vertical ir- 
regularities prevent balanced construction and the use of these tables. 


2. On the average, the fill section contains 15 percent less area than the cut 
sectton. This adjustment factor is necessary because many times variations 
in topography, type of materials, construction methods, or other situations 
prevent truly balanced construction. There can be more or less area in the 
fill slope than in the cut slope; however, there is generally less area in 
the fill slope because of problems during construction, such as downslope 
losses of materials. A shrinkage factor of 15 percent was assumed as an 
average value most applicable for low-standard roads. The adjustment factor 
is introduced in step 6 of the appendix as a value K; this value can be varied 
if necessary for other situations. 


3. Slope gradtents for cut slopes, fill slopes, and the hillside are relatively 
untform. With proper construction, cut and fill slope gradients should be 
uniform. If the hillside gradient is relatively uniform, an average gradient 
for the section of slope in question may be used. 


Ae The road surface ts hortzontal. Many times roadbeds are insloped or outsloped 
to reduce erosion. However, the amount of slope is usually only a few percent 
and should cause only minor inaccuracies. 


5. Cut and fill slope gradients are constructed as planned. Lack of compliance 
to planned cut and fill slope gradients can cause large errors in road prism 
dimensions. Obviously, this can only be prevented by careful adherence to 
plans during construction. Slope staking should help the operator meet 
Specifications. It should be pointed out, that fill slopes constructed by 
sidecasting (common on low-standard roads) may have a steeper gradient than 
1.5 to 1 immediately after construction. Consequently the fill slope will 
not extend as far downslope as expected. However, over time, such an over- 
Steepened fill slope tends to adjust to a 1.5 to 1 gradient and so meet the 
planned dimensions. 


Except for situations where "'balanced' construction is not used or where large 
irregularities in the hill slope gradients occur, minor deviations from the five assump- 
tions above should cause only minor inaccuracies in road prism dimensions. The tables 
are only applicable to balanced construction and should only be used for this purpose. 
Where minor irregularities in the hill slope gradient occur, an average slope may be 
used without introducing large errors. However, as hill slope irregularities become 
laree Or as gradients approach 66 percent, large errors can be introduced. In this case, 
use good judgment to estimate what effect the break in hill slope gradient will have or 
use more intensive engineering design procedures to accurately cross-section the slope 
in question. 


USE OF THE TABLES 


Three factors must be known to use the tables: (1) road width, (2) cut slope 
gradient, and (3) hill slope gradient. A fourth factor, the fill slope gradient, is 
assumed to be 1.5 to 1 for all situations. A basic principle for minimizing watershed 
impacts from road construction is to minimize the amount of soil disturbance. This can 
be accomplished by selecting the narrowest road width possible and the steepest cut 
Slope possible. However, selection must be tempered by user needs in the case of road 
width and by slope-stability requirements in the case of cut slope gradients. Generally, 
selection of road width is readily apparent depending on proposed road use; selection 
of cut slope gradients may require consultation with local expertise familiar with 
slope-stability problems in the area. The hill slope gradients are measured on site 
and used subject to the constraints discussed above. 


Use of the tables also requires that a route location be available or assumed to 
serve as a reference point for measurements. This location is assumed to be a gradeline 
and is shown as the grade daylight stake on figures 1 and 2. Many times, the route 
location is established and the tables are used for slope staking and to help design 
Stabilization needs. However, the tables are also helpful in selecting optimum route 
locations in areas where watershed management considerations are important. In this 
Situation, a gradeline location is assumed and the road prism dimensions are determined. 
These are then compared to the actual conditions on the ground to appraise potential 
watershed impacts. Oftentimes, severe impacts become apparent that require a change in 
road location. 


All dimensions in the tables are in feet except the end area, which is in square 
feet. The tables are suitable for roads that have additional width requirements for a 
berm or ditch. Simply add the additional horizontal distance caused by the berm or 
ditch to the basic road width and use the total width to enter the tables. | 


An example: watershed management constderattons 


As indicated above, the tables have a variety of potential uses for watershed 
management purposes. An example follows: 


Given: 1 A 200-foot-long section of road located near an important fishing stream 
De Road width = 10 feet 
3: Cut slope gradient = 1 to l 
4 Hill slope gradient = 50 percent 
5 Slope distance from the grade daylight stake to the stream = 50 feet 
Fand': How can watershed impacts on the stream be minimized? 


The first question would probably be "Will the road fill encroach on the stream?" 
Referring to the tables, we find that the slope distance from the grade daylight stake to 
the toe of the fill slope (SF on fig. 1) will be about 18 feet; so direct stream: en- 
croachment will not occur. However, this slope distance allows only 32 feet between 
the road fill and the stream, a distance that is judged to be inadequate after reference | 
to guides for size of buffer area (Ohlander 1976; Packer 1967; Trimble and Sartz 1957). | 
It is not practical to change the road location, but two alternatives are possible: 
(1) Improve the efficiency of the buffer strip by adding materials to help store eroded 
material en route to the stream; or (2) control the erosion at the source by intensive 


erosion-control measures. This particular stream is very valuable; so both courses of 
action are taken. The decision is made to augment sediment storage with the use of 
logging slash lopped and placed below the fill slope to assure close contact with the 
soil surface. On-site erosion control consists of mulching both cut and fill slopes and 
transplanting trees into the fill slope to help protect against mass erosion. Refer- 
ence to the tables shows that the fill slope will be about 15 feet long (LF on fig. 1) 
and the cut slope will be about 9 feet long (LC on fig. 1). The total of these two 
figures times the length of road involved (200 feet in this case) indicates a need for 
mulching 4,800 square feet or about 0.1 acre. Planting trees at a 4- by 4-foot spacing 
on the 15- by 200-foot fill slope will require about 190 transplants. 


An example: slope staking 


Referring to figure 2, slope staking proceeds as follows using stations located 
at 100-foot intervals along the road. (If slope staking efforts must be curtailed, 
consider installing cut stakes only.) 


Ih Locate the position of the cut and fill stakes by determining the slope 
distance from the grade daylight stake to the slope stakes (SC for the 
cut stake and SF for the fill stake). 

2s Determine the amount of vertical cut (C) or fill (F); and record on the 
cut and fill stakes, respectively. 


Oe Determine the horizontal distance from the slope stakes to the road 
centerline (HC for the cut stake and HF for the fill stake). Record 
on the cut and fill stakes, respectively. 


4. Record the above dimensions along with the gradients of the cut and 
fill on the stakes. The cut and fill stakes for the hypothetical 
road dimensions given in the example above would appear as shown 
in figure 4. 
As a point of interest, reference to the end area dimensions in the tables shows 


that the road section presented in the example on page 8 will require excavation of 
about 135 cubic yards of material. 


CUT FILL 
STAKE STAKE 


~—— Indicates type of stake >| F | 


<+—— Vertical cut or fill———-|__ 7.9 


~<— Horizontal distance to centerline 


+ Gradient of cut or fill slope——> 


Figure 4.--Dimenstons for marking cut and fill stakes. 
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APPENDIX 


Procedure to calculate road prism geometry given the dimensions in figure 3: 
W = Width of road (feet) 


6 = Angle of cut slope (degrees) 


€ x 
0 = Angle of fill slope (degrees) 
8. = Angle of hill slope (degrees) 


Calculate horizontal distance from gradeline to top of cut slope per foot of cut 
width (C_), where cut width is the distance from the grade daylight stake to the 
toe of the cut slope: 


Tani@ 
© 


os ; Tan 9 -Tan 8 
€ S 


Calculate slope distance from gradeline to top of cut slope per foot of cut width 
(C.): : 
h 


S Cos 8 
S 


Calculate horizontal distance from gradeline to bottom of fill slope per foot of 
fill width (F_), where fill width is the distance from the grade daylight stake 
conche, top ofvthe fill slope: 

Tan O 


h Tan; @)-—man? 6 
fe Ss 


E 


Calculate slope distance from gradeline to bottom of fill slope per foot of fill 
width (F.): 


11 


LO; 


Idk 


WA 


13% 


14. 


Calculate the end area of the cut section for a unit cut width of 1 foot (A') 
UTS May = (G < Sim © 
S S 


Assuming an equal area for the fill section times a correction factor (1+K) to 
account for shrinkage during construction, calculate the width of the fill 
corresponding to the unit width of the cut (We'). An average 15 percent shrinkage 


loss was assumed for the tables; so a value of -0.15 was assigned to K in the 
development of these tables. Other K values can be applied as needed: 


GG =e) oss) = ee eae 
J = ee = ——— 
Ne F F 
Ss S 
Calculate the total cut width (B): 
W 
B 
We) ee We 
Calculate the total fill width (We): 
W.= W-B 


fs 


Calculate the horizontal distance from the grade daylight stake to the road 
centerline (D): 


D = B=055 2 


Calculate the horizontal distance from the centerline to the cut stake (HC): 


Calculate the horizontal distance from the centerline to the fill stake (HF): 


= * W 
HF Fy We + D 


Calculate slope distance from the gradeline to the toe of the fill (SF): 


Calculate slope distance from the gradeline to the top of the cut (SC): 


Calculate the total horizontal distance disturbed (WH): 


= * * 
WH = FL We + Cy B 
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20%: 


Calculate 


Calculate 


Calculate 


Calculate 


Calculate 


Calculate 


the total slope distance disturbed (WS): 


WS = SF + SC 


Kength of sili slope (EF): 


LF 


length of cut slope (LC): 


LC 
end area (A): 
A 
Cutehelght «(C)!: 
C = 
fill height (F): 
Ee= 


B # (C1) 


Cos @ 
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